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Abstract: The purpose of this study was to elaborate a Y-chromosome specific DNA probe that can be used in 
order to efficiently sex the bovine embryos using biopsied blastomeres. Another objective was to evaluate the 
pregnancy rate in recipient cows in which the biopsied and sexed embryos were transferred. A number of 76 
bovine embryos have been non-surgically collected from a batch of 8 Simmental donor cows, following 
superovulation and artificial insemination. The embryos have been morphologically evaluated and biopsy has 
been performed in order to collect a small number of blastomeres from the inner cell mass. After the biopsy, the 
embryos have been immediately transferred to recipient cows, whose estrous cycle had previously been 
synchronized with the donor cows. The biopsied blastomeres were treated with 1 µg/ml vinblastine sulphate for 
6 hours in order to induce the chromosomal metaphases, fixed on a slide using methanol and acetic acid and then 
kept in the freezer until use. The DNA probe has been synthesized as follows: the sequence of the Y-
chromosome specific BtY2 gene has been used in order to obtain male specific primers; the primers were used in 
order to amplify a male specific DNA sequence obtained from a bull’s blood; after amplification and 
electrophoresis the specific bands were cut and DNA has been extracted from the gel; the male specific probe 
has subsequently been biotinylated by nick translation. Using this probe FISH has been performed and 
fluorescent signal has been amplified using the tyramide signal amplification kit. Slides have been examined 
using a fluorescence microscope (the presence of fluorescence signifying a male embryo while its absence a 
female embryo). The pregnancy rate has been evaluated by rectal palpation, 60 days after the transfer of biopsied 
embryos and was of 51.3%, while the accuracy of embryo sexing was evaluated at birth, when the FISH 
predicted sex has been compared with the morphological sex of the offspring and was of 92%. In conclusion, the 
fluorescence in situ hybridization method of embryo sexing turned out to be quite difficult but yielded good 
results and can be used for bovine embryo sexing. 
 
INTRODUCTION 
 
Pre-selection of the sex of offspring of agriculturally important species has long been 
an objective of animal breeders. However, not until the advent of technologies such as 
artificial insemination and embryo transfer has such an approach been considered 
commercially feasible (1,4). Preliminary studies suggest that methods for sexing embryos do 
show potential for commercial use (1,2,8,9). Embryo sexing will be used in conjunction with 
embryo transfer and most of the research has been geared to sexing bovine and equine 
embryos, which can be transferred non-surgically up to the blastocyst stage. Fluorescence in 
situ hybridization (FISH) has been used to diagnose genetic defects such as X-linked 
recessive disease in human and to determine the sex of mouse, pig and cattle embryos 
(2,3,5,7,8,9,10). Although some authors examined whole bovine embryos by bovine Y 
chromosome-specific FISH probes, there is little information of sexing efficiency of bovine 
embryo cells following biopsy by FISH. Because of the numerous steps required, FISH for 
bovine embryo sexing is thought to be difficult to apply routinely (6). The purpose of this 
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study was to elaborate a Y-chromosome specific DNA probe that can be used in order to 
efficiently sex the bovine embryos using biopsied blastomeres. Another objective was to 
evaluate the pregnancy rate in recipient cows in which the biopsied and sexed embryos were 
transferred. 
 
MATERIAL AND METHODS 
 
A number of 76 bovine embryos have been non-surgically collected from a batch of 8 
Simmental donor cows, following superovulation and artificial insemination. The embryos 
have been morphologically evaluated and biopsy has been performed in order to collect a 
small number of blastomeres from the inner cell mass. After the biopsy, the embryos have 
immediately been transferred to recipient cows, whose estrous cycle had previously been 
synchronized with the donor cows. The biopsied blastomeres were treated with 1 µg/ml 
vinblastine sulphate for 6 hours in order to induce the chromosomal metaphases, fixed on a 
slide using methanol and acetic acid and then kept in the freezer until use. 
The DNA probe was synthesized using the Y-chromosome specific BtY2 gene from 
which the following primers have been obtained: 
- upstream:          5’ - TGT TGT GAA GAA GGT GCC CA - 3’ 
- downstream:     5’ - AGT TTG AGG GTG GTT GGT CG - 3’ 
The primers were used in order to amplify the male specific DNA sequence obtained 
after collecting blood from a bull and isolating the DNA from it. The amplification mixture 
consisted of 5 ng DNA, 1.5mM of each primer and 45 µl Platinum High Fidelity PCR 
Supermix (Invitrogen). The amplification conditions were: heating the mixture at 95ºC for 3 
minutes followed by 33 cycles of denaturation at 95ºC for 30 seconds, primer annealing at 
55ºC for 30 seconds and primer extension at 72ºC for 30 seconds. The final extension 
consisted of keeping the samples at 72ºC for 7 minutes. After the amplification, the samples 
were run on a 1 % agarose gel stained with Gelstar Nucleic Acid gel stain. 
Following electrophoresis, the gels were examined using a UV trans-illuminator, the 
bands were cut and the DNA was extracted from the gel in order to obtain the DNA probes 
used for fluorescent in situ hybridization. The DNA probes were biotinylated by nick 
translation. 
The fluorescence in situ hybridization consisted of the following steps: 
- rehydration of the blastomeres using decreasing concentrations of ethanol; 
- target retrieval using heat and sodium citrate buffer; 
- blastomere digestion using Triton X and proteinase K; 
- fixation of the blastomeres using paraformaldehyde; 
- application of the in situ frames; 
- application of the hybridization buffer containing 1% DNA probe; 
- hybridization reaction using a thermocycler and the following hybridization 
scheme: 94ºC for 6 minute and 37ºC for 16 hours; 
- washing the slides in 3 baths of PBS. 
The amplification of the fluorescent signal has been achieved using the tyramide 
signal amplification kit (Perkin-Elmer), which contains streptavidin-HRP, FITC conjugated 
tyramide and hydrogen peroxide. The slides were subsequently examined under a 
fluorescence microscope, in order to observe the green fluorescence in male embryos. 
The pregnancy rates obtained after the transfer of biopsied and sexed embryos were 
evaluated by rectal palpation, 60 days after the insemination, while the accuracy of embryo 
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sexing was evaluated at birth, when the FISH predicted sex was compared with the 
morphological sex of the offspring. 
 
RESULTS AND DISCUSSIONS  
 
After performing the experiences, the following results were obtained: 
From the 76 embryos obtained, 71 (93.5%) had reached the morula stage, while 5 
(6.5%) were in the early blastocyst stage. In what the quality of embryos was concerned, 74 
embryos (97.4%) were transferable and were used for embryo biopsy while 2 (2.6%) could 
not be used for this purpose. 
The fluorescent in situ hybridization and the amplification of the fluorescent signal 
using the tyramide yielded the following results (chart 1): 
- 44 samples presented the characteristic fluorescence and thus we considered the 
blastomeres to come from male embryos (figure 1); 
- 33 samples did not present any fluorescence and thus we considered the 
blastomeres to come from female embryos (figure 2). 
 
 
Chart 3 The results of embryo sexing using FISH 
 
   
                    Fig. 1 The fluorescent blastomeres                      Fig. 2 The blastomeres without fluorescence 
               (supposed to derive from male embryos)                   (supposed to derive from female embryos) 
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When evaluating the pregnancy rate in recipient cows in which sexed embryos had 
been transferred, the following results have been obtained: 38 of 74 females have been 
diagnosed pregnant, which represents a percentage of 51.3% . 
At birth, 3 of the calves obtained presented a different sex from the predicted one 
which leads to an accuracy of 92% for the sexing of bovine embryos using the fluorescence in 
situ hybridization (chart 2). 
 
 
Chart 2 The precision of the sexing method using FISH 
 
The 3 embryos had been diagnosed as being males by fluorescent in situ hybridization 
(the blastomeres presented the specific fluorescence, so the probe had bound to a DNA 
sequence), when in fact they turned out to be females at birth. There are several reasons that 
could have caused this error. One could be a mistake in following the exact protocol that has 
been presented above, while another could be the non-specific binding of the probe to another 
DNA sequence, rather than the target that it had been synthesized for. Nevertheless, we think 
that this method of bovine embryo sexing is accurate enough, although not as accurate as the 
PCR method, being also much more elaborate. 
 
CONCLUSIONS 
 
After performing the research, the following conclusions and recommendations can be 
drawn: 
 
 For efficient sexing, the bovine embryos must reach the morula or blastocyst stage 
and have to be included in the transferable quality category. 
 The embryo biopsy must interest a small number of blastomeres, in order to 
disturb as little as possible the internal equilibrium of the embryo. 
 The pregnancy rate obtained after transferring biopsied embryos sexed using the 
FISH method was of 51,3%. 
 The precision of the FISH sexing of bovine embryos was of 92%, 3 of the calves 
having another sex than the one predicted. 
 The FISH method of bovine embryo sexing is quite time consuming and more 
difficult to apply than the PCR sexing, but can represent an alternative, especially 
for research purposes. 
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 The embryo biopsy technique has to be improved in the future, in order to obtain 
higher pregnancy rates after transferring the biopsied embryos. 
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